In this issue of Kidney International, So et al ^[@R1]^ show that β-lapachone exerts its salutary effects on cisplatin nephrotoxicity by being reduced by NAD(P)H: quinone oxidoreductase 1 (**NQO1**). This results in an increased the ratio of **NAD+/ NADH** (nicotinamide adenine dinucleotide). The increased NAD+ mimics that seen during caloric restriction, and may mediate the beneficial effects of caloric restriction, without malnutrition, on inappropriate inflammation and apoptosis ^[@R2]^. In other words, and as discussed in greater detail below, the increased NAD+, induced by β-lapachone, activates the deacetylase SIRT1 and may thus "fool" the cell into detecting caloric restriction when there is none; this, in turn, may affect the cell's "decisions" about its own life and death, and its production of proinflammatory molecules. Consistent with this idea is the known beneficial effect of caloric restriction on cisplatin nephrotoxicity that is indeed mediated by NAD+ - activated SIRT1 expression ^[@R3]^. Thus, the major components of the beneficial effects of β-lapachone are NQO1, NAD+, and SIRT1. We discuss each below.

NQO1 {#S1}
====

The increased NAD+ seen after administration of β-lapachone requires NQO1. This enzyme transfers hydrides from NADH to beta-lapachone. This produces unusually large amounts of NAD+ because the hydroquinone form of beta-lapachone is autooxidized back to the parent quinone form; this is reduced again by NQO1, and so-on in a futile cycle. Because each time beta-lapachone is reduced, NADH is converted to NAD+, a large quantity of NAD+ should be produced ^[@R4]^. This increase in NAD+ activates **SIRT1**, which is sirtuin 1 or silent information regulator 2 \[Sir2\] protein 1. So et al ^[@R1]^ suggest that the increased SIRT1 activity exerts its beneficial effects through its deacetylation (inactivation) of the transcription factors NFκ B and p65. Inactivation of the former should decrease inflammation; inactivation of the latter should decrease apoptosis. See [Figure 1](#F1){ref-type="fig"}.

Paradoxically, NQO1 is also required for β-lapachone's opposite effects on cancers versus renal cells -- cytotoxic for the former, but cytoprotective for the latter. The effects of β-lapachone on cancer have been explored by others ^[@R5]^. This commentary is focused on this drug's beneficial effects on cisplatin nephrotoxicity.

In addition to reducing β-lapachone, NQO1 is an anti-oxidant enzyme with multiple cytoprotective functions when the cell is challenged by oxidative stress. Such stress may be in the form of exogenous polyaromatic toxins and carcinogens, or in the form of either exogenous or endogenous superoxides and peroxides. NQO1 responds to these oxidative stresses by catalyzing the two electron reduction of a variety of quinones to hydroquinones by using NADPH or NADH as the hydride donor. Many of the hydroquinone products are metabolized to glucuronide and sulfate conjugates and excreted. NQO1 also may directly scavenge superoxide. It also has non-catalytic function in regulating the 20S proteasome and thus ER stress and the half life of p53 ^[@R6]^.

Oxidative stress is a factor in the complications of metabolic syndrome, hypertension, atherosclerosis, and autoimmunity, and NQO1 may have a salutary role in these diseases. Furthermore, oxidative stress elicits immune responses and increased NQO1 activity may ameliorate some experimental autoimmune diseases ^[@R6]^.

NQO1 is an inducible anti-oxidant enzyme. Its abundance is increased several orders of magnitude in response to the anti-oxidant Keap1/ Nrf2/ ARE pathway. Indeed, NQO1 is the prototypic member of the family of over 100 cytoprotective genes that are regulated by the antioxidant response element (**ARE**) of DNA. Activation of ARE (**ROS**) results in the transcription of genes for anti-oxidant proteins. ARE are activated by the heterodimer of a small Maf protein and **Nrf2** (nuclear factor-erythroid 2-related factor 2). In the absence of oxidative stress, Nrf2 is bound to **Keap1** (Kelch-like ECH-associated protein 1) that inactivates it and promotes its proteasomal degradation. In the presence of excess ROS, Nrf2 is released from Keap 1, moves to the nucleus and activates NQO1 and other antioxidant genes ^[@R6],\ [@R7]^.

Previous studies showed that pharmacologic stimulation of the Keap1/ Nrf2/ ARE pathway protects the kidney from cisplatin, in part because this pathway increased the expression NQO1, and other anti-oxidant enzymes. These neutralize the increased ROS produced during cisplatin nephrotoxicity ^[@R3]^. See review ^[@R8]^.

NAD+ {#S2}
====

So et al ^[@R1]^ show that the end result of the reduction of β-lapachone by NQO1 is increased NAD+. Similar increased NAD+ is seen after caloric restriction. Increased NAD+ should have profound effects on the cell because the redox pair of NAD+/ NADH participate in and/or regulate a number of critical processes in physiology and pathophysiology. NADH is a substrate for the mitochondrial electron transport chain that mediates the production of ATP and ROS from oxygen. NAD+ is a cofactor for enzymes that generate energy from glucose and fat breakdown. NAD+ is also converted to metabolites by enzymes such as such as NAD+ glycohydrolases (CD38/ CD157), and ADP-ribosyltransferases (ART). These metabolites activate the the non-selective cation channel TRPM2 (transient receptor potential melastatin-related channel 2) that causes calcium influx across cell membrane, P2X/ P2Y receptors, and have other effects. For more details, the reader is referred to a number of excellent recent reviews on NAD+ ^[@R2]^.

Furthermore, NAD+ is an essential cofactor for, the poly-(ADP-ribose) polymerases (**PARP**s). These enzymes attach negatively charged polymers of ADP-ribose to proteins and change their function; in this way, PARP1 regulates apoptosis, DNA repair, necrosis, and gene transcription, including transcription of proinflammatory genes ^[@R9]^. This regulation is germaine for this discussion because PARP1 is required for cisplatin nephrotoxicity ^[@R10]^.

SIRT1 {#S3}
=====

Finally, and most importantly for our discussion, increased NAD+ activates SIRT1 \[sirtuin 1 or SIRT1. SIRT1 is the most extensively studied of the 7 member family of mammalian sirtuins. SIRT1 couples NAD+ hydrolysis with protein deacylation. It is a member of the Class III family of histone deacylases, and regulates DNA repair, and gene transcription. SIRT1 has profound beneficial effects on renal diseases including renal aging, diabetic nephropathy, and the response to unilateral ureteral obstruction ^[@R11]--[@R13]^. Furthermore, SIRT1 has recently received much attention because it has salutary effects on metabolic syndrome and may mediate some of the life-prolonging effects of caloric restriction ^[@R2]^.

So et al ^[@R1]^ show that beta-lapachone increases NAD+. This was correlated with increased SIRT1 enzymatic activity, and deacylation of NFκB and p53. This was associated with less nephrotoxicity and less renal cytokine/ chemokine production after cisplatin treatment. Others have shown that renal tubule\--specific overexpression of SIRT1 ameliorated cisplatin nephrotoxicity ^[@R3]^, and inactivated the NFκB p65 subunit. In addition, activation of SIRT1 by resveratrol ^[@R14]^ resulted in the deacylation (deactivation) of p53 and ameliorated cisplatin nephrotoxicity.

More complexity to our story {#S4}
============================

Like other important provocative observations, the studies of So et al raise new questions. Would other ways of increasing NAD+ similarly protect against nephrotoxicity? These include a number of drugs under development, and old drugs, such as niacin that is a precursor of NAD+ and is already approved for the treatment of hyperlipidemia ^[@R2]^. Can the beneficial effects of β-lapachone on cisplatin nephrotoxicity be extended to other types of renal injury? In other words does this drug affect a final common pathway for acute kidney injury, or are its effect specific for cisplatin nephrotoxicity.

Although the major beneficial effect of β-lapachone may be increases in NAD+, the ensuing SIRT1 activation, and deacylation of NFκB and p53, the story is likely to be more complex. As reviewed above, increased NAD+ should have other effects, in addition to SIRT1 activation; and SIRT1 activation should have other effects in addition to deacylation of NFκB and p53.

Furthermore, the activation of SIRT1 and other members of its family are likely to be regulated by factors in addition to NAD+. A multiple hit hypothesis of activation involving NAD+ and other regulators has been proposed; this would allow differential regulation of SIRT1 and the various other SIRTs in different types of cells and in different microenvironments of the same cells ^[@R2]^. This differential regulation would, for example, allow fine specificity of which NFκB regulated genes are inhibited by SIRT1. Thus, the proinflammatory genes regulated by NFκB studied by So et al might be inhibited in the kidney after cisplatin exposure, but pro-survival genes regulated by NFκB might not ^[@R15]^.

A growing number of agents may ameliorate cisplatin nephrotoxicity without decreasing cisplatin's anti-tumor effectiveness. Further research may elucidate the relationship between the salutary effects of β-lapachone and protection mediated by inhibiting protein kinase C delta ^[@R16]^, and the growing number of other nephroprotective agents ^[@R17]^.

So et al studied the effects of β-lapachone on acute cisplatin nephrotoxicity. Like other forms of AKI ^[@R18]--[@R20]^, cisplatin nephrotoxicity may progress to chronic kidney disease. This progression may be due to chronic ischemia and the ensuing increased ROS that triggers continued injury and fibrosis ^[@R21]^. Insofar as NAD+, NQO1, and SIRT1 might ameliorate the response to ROS ^[@R11]--[@R13]^, would β-lapachone ameliorate CKD resulting from acute cisplatin nephrotoxicity and other forms of AKI?

Conclusion {#S5}
==========

So et al show that β-lapachone prevents cisplatin nephrotoxicity but not tumor cytotoxicity in a murine model. In addition to its potential clinical importance, this observation may illustrate the fundamental contributions of NAD+, NQO1, and SIRT1 to AKI.
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